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ULTRASOUND APPARATUS WITH FIG . 2A shows a rear perspective exploded view of some 
IMPROVED HEAT DISSIPATION AND of the components in the ultrasound imaging device of 
METHODS FOR PROVIDING SAME FIGS . 1A - 1D , in accordance with at least one embodiment 

of the present invention ; 
FIELD FIG . 2B shows a side exploded view of the ultrasound 

imaging device of FIGS . 1A - 1D , in accordance with at least 
The present disclosure relates generally to ultrasound one embodiment of the present invention ; 

imaging apparatus , and in particular , ultrasound imaging FIG . 2C shows a front perspective exploded view of the 
apparatus with improved heat dissipation properties and ultrasound imaging device of FIGS . 1A - 1D , in accordance 
related methods . 10 with at least one embodiment of the present invention ; 

FIG . 3A shows an interior view of the front shell that 
BACKGROUND forms part of the housing of the ultrasound imaging device 

of FIGS . 1A - 1D , in accordance with at least one embodi 
Ultrasound imaging systems may generate heat during ment of the present invention ; 

FIG . 3B shows a cross - sectional view of the front shell of operation . For example , heat may be generated from the FIG . 3A , along line A - A shown in FIG . 3A , in accordance transducer elements in a transducer array when they are with at least one embodiment of the present invention ; activated to transmit ultrasound signals . Also , heat may be FIG . 4A shows a rear view of a partially - assembled generated by integrated circuits ( ICs ) that drive the trans ultrasound imaging device of FIGS . 1A - 1D , in accordance ducer array and process imaging data . For example , these 20 with at least one embodiment of the present invention ; ICs may include Analog to Digital Converters ( ADCs ) that FIG . 4B shows a cross - sectional view of the partially 
convert the received ultrasound signals into ultrasound assembled ultrasound imaging device shown in FIG . 4A images , and / or other ICs ( such as graphics processors ) . along the line in accordance with at least one embodi 
When imaging tissue , ultrasound probes ( also called ment of the present invention ; 

ultrasound transducers ) are typically placed against the skin 25 FIGS . 5A - 5B show exterior and interior views of the rear 
of a patient . To prevent patient injury or discomfort due the shell that forms part of the housing of the ultrasound 
probe head having overly high temperatures , there exist imaging device of FIGS . 1A - 1D , in accordance with at least 
regulations that require surfaces of an ultrasound probe to one embodiment of the present invention ; 
not exceed certain predetermined temperatures while scan FIG . 6A shows an exterior perspective exploded view of 
ning a patient ( e.g. International Electrotechnical Commis- 30 the rear shell shown in FIGS . 5A - 5B , in accordance with at 
sion ( IEC ) standard 60601 requires external surfaces of an least one embodiment of the present invention ; 
ultrasound probe to not exceed 48 ° C. in certain conditions ) . FIG . 6B shows an interior perspective exploded view of 

In a traditional wired ultrasound system , an ultrasound the rear shell shown in FIGS . 5A - 5B , in accordance with at 
probe may be connected by a cable or wire to a separate least one embodiment of the present invention ; and 
ultrasound processing body . Some traditional heat dissipa- 35 FIG . 7 shows an interior perspective view of a partially 
tion techniques attempt to channel heat into and through the assembled configuration of the components shown in FIGS . 
cable so that it may be dissipated from the cable and / or 6A - 6B , in accordance with at least one embodiment of the 
through the processing body . Such techniques may be par present invention . 
ticularly effective in wired ultrasound systems because a 
number of the heat generating components ( e.g. , the ICs ) can 40 DETAILED DESCRIPTION 
be placed within the ultrasound processing body , so as to 
reduce the amount of heat that needs to be dissipated from In a first broad aspect of the present disclosure , there is 
the ultrasound probe . provided an ultrasound imaging apparatus , including : a 

In a wireless ultrasound system , more of the ICs may need housing enclosing a transducer array and at least one inte 
to be included within a single wireless ultrasound imaging 45 grated circuit ( IC ) for driving the transducer array during 
apparatus or device . Without a cable through which heat can operation of the ultrasound imaging apparatus , wherein the 
be transferred , wireless ultrasound systems generally have housing includes an interior surface and an exterior surface , 
higher heat dissipation requirements . Moreover , to be able to and the housing is made substantially of metal ; wherein a 
provide high quality ultrasound images , the processing post is disposed between the at least one IC and the interior 
components may operate with heavy loads and / or high 50 surface of the housing , the post being coupled directly to the 
frequencies ; this further increases the heat generated by a interior surface of the housing so that heat generated from 
wireless ultrasound imaging device . Despite the higher heat the at least one IC is transferred via the post to the housing 
dissipation requirements , wireless ultrasound devices still and dissipated via the exterior surface . 
have to comply with the regulations that require surfaces of In some embodiments , the post is made of the metal . In 
an ultrasound probe to not exceed a given temperature . 55 some embodiments , the post is coupled directly to the at 

There is thus a need for ultrasound imaging apparatus least one IC . In some embodiments , the post is in indirect 
with improved heat dissipation properties and related meth physical contact with the at least one IC through at least one 
ods . or more intermediate circuit boards . 

In some embodiments , the ultrasound imaging apparatus 
BRIEF DESCRIPTION OF THE DRAWINGS 60 further includes a circuit board having : a surface facing the 

interior surface of the housing , and a surface not facing the 
Non - limiting examples of various embodiments of the interior surface of the housing , and the at least one IC is 

present disclosure will next be described in relation to the coupled directly to the surface of the circuit board not facing 
drawings , in which : the interior surface of the housing ; wherein the post is 

FIGS . 1A - 1D show front , rear , and side views of an 65 coupled directly to an area on the surface of the circuit board 
ultrasound imaging device , in accordance with at least one facing the interior surface of the housing , the area being 
embodiment of the present invention ; proximately opposite the at least one IC . 
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In some embodiments , the thermal conductivity of the integrated circuit ( IC ) for driving the transducer array during 
housing is at least 55 watts per meter kelvin ( W / ( m · K ) ) . In operation of the ultrasound imaging apparatus , the housing 
some embodiments , the density of the metal or material including : an interior surface configured to receive a post , 
forming the housing is less than 5 grams per cubic centi the post being positionable between the at least one IC and 
meter ( g / cm ) . 5 the interior surface of the housing ; and an exterior surface , 

In some embodiments , the post and the housing form part wherein heat generated from the at least one IC is transfer 
of a unitary body , and the unitary body is created by at least able via the post to the housing and the heat is dissipated via 
one of : injection moulding , die casting , and machining . In the exterior surface . 
some embodiments , the post is formed separately from the For simplicity and clarity of illustration , where considered 
housing , and the post is attached to the interior surface of the 10 appropriate , reference numerals may be repeated among the 
housing figures to indicate corresponding or analogous elements or 

In some embodiments , the housing includes a grip portion steps . In addition , numerous specific details are set forth in 
and the grip portion is covered with a polymer - based mate order to provide a thorough understanding of the exemplary 
rial . embodiments described herein . However , it will be under 

In some embodiments , the exterior surface of the housing 15 stood by those of ordinary skill in the art that the embodi 
includes a plurality of fins . In some embodiments , the fins ments described herein may be practiced without these 
are made of the metal . In some embodiments , the plurality specific details . In other instances , certain steps , signals , 
of fins increases a surface area of the exterior surface of the protocols , software , hardware , networking infrastructure , 
housing by at least 30 % . circuits , structures , techniques , well - known methods , pro 

In some embodiments , the plurality of fins are positioned 20 cedures and components have not been described or shown 
on a region of the exterior surface opposite a location on the in detail in order not to obscure the embodiments generally 
interior surface that is directly coupled to the post . described herein . 

In some embodiments , the region of the exterior surface Furthermore , this description is not to be considered as 
having the plurality of fins have a first size and the location limiting the scope of the embodiments described herein in 
on the interior surface that is directly coupled to the post has 25 any way . It should be understood that the detailed descrip 
a second size , and the first size is larger than the second size . tion , while indicating specific embodiments , are given by 

In some embodiments , the ultrasound imaging device way of illustration only , since various changes and modifi 
further includes a first side of the ultrasound imaging cations within the scope of the disclosure will become 
apparatus and a second side of the ultrasound imaging apparent to those skilled in the art from this detailed descrip 
apparatus opposite the first side , and wherein the fins are 30 tion . Accordingly , the specification and drawings are to be 
positioned on the first side of the ultrasound apparatus and regarded in an illustrative , rather than a restrictive , sense . 
a battery for powering the ultrasound imaging apparatus is Referring to FIGS . 1A - 1D shown there generally as 100a , 
positioned on the second side of the ultrasound imaging 100b , 100c , 100d respectively are front , rear , left le , and 
apparatus . right side views of an ultrasound imaging device , in accor 

In some embodiments , the exterior surface of the housing 35 dance with at least one embodiment of the present invention . 
has a surface area of at least 10,000 square millimeters FIG . 1A shows the front view of the ultrasound imaging 
( mm ) . device 100. The ultrasound imaging device 100 generally 

In some embodiments , the at least one IC consumes at has a housing 102 which contains a transducer array and the 
least 3 watts of power while imaging . processing components . The transducer array may be posi 

In some embodiments , the housing protects from ingress 40 tioned near a bottom portion 104 of the housing 102. As the 
into an interior of the ultrasound imaging apparatus , and the ultrasound imaging device 100 is used to perform imaging , 
housing has an International Protection Marking of at least heat may be generated by the transducer array and / or the 
IPX7 . processing components within the housing 102. In various 

In some embodiments , the housing includes an opening embodiments , a grip portion 170 may be provided ( e.g. , to 
that allows for the at least one IC to connect to an antenna 45 facilitate easier holding of the ultrasound imaging device 
positioned on the exterior surface of the housing . 100 ) . In the specific example embodiment illustrated , the 

In another broad aspect of the present disclosure , there is grip portion 170 may be shaped in a manner that ( alone or 
provided a method of facilitating dissipation of heat in an in combination with other visual elements ) primarily pro 
ultrasound imaging apparatus , the method including : pro vides a distinctive visual and decorative appearance for the 
viding a housing for the ultrasound imaging apparatus , the 50 ultrasound imaging device 100 . 
housing enclosing a transducer array and at least one inte FIG . 1B shows the rear view of the ultrasound imaging 
grated circuit ( IC ) for driving the transducer array during device 100. In the illustrated embodiment , an upper portion 
operation of the ultrasound imaging apparatus , wherein the of the rear portion of the housing 102 may hold a removable 
housing includes an interior surface and an exterior surface , battery 106 for powering the ultrasound imaging device 100 . 
and the housing is made substantially of metal ; and activat- 55 In various embodiments , the shape , positioning , and appear 
ing the at least one IC during operation of the ultrasound ance of the battery 106 when it is secured to the ultrasound 
imaging apparatus , wherein heat generated from the at least imaging device 100 may take different forms . However , in 
one IC is transferred to the housing and dissipated by the the example embodiment illustrated , the shape of the battery 
exterior surface via at least one post that is disposed between 106 and its appearance when it interfaces with the ultra 
the at least one IC and the interior surface of the housing , the 60 sound imaging device 100 primarily provides ( alone or in 
post being coupled directly to the interior surface of the combination with other visual elements ) a distinctive visual 
housing and decorative appearance for the ultrasound imaging device 

In some embodiments , the exterior surface of the housing 100. As illustrated , the grip portion 170 may be shaped to 
includes a plurality of fins . extend to the rear of the ultrasound imaging device 100 . 

In another broad aspect of the present disclosure , there is 65 FIG . 1C shows a left side view of an example embodi 
provided a housing for an ultrasound imaging apparatus , the ment of an ultrasound imaging device 100. The housing 102 
housing for enclosing a transducer array and at least one may be made up of a front shell 202 that mates with a rear 
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shell 502. Shown also in FIG . 1C is the removable battery die casting , or any other suitable production method may be 
106 in the attached position . To allow for improved heat used for providing the parts for the housing 102 . 
dissipation , the housing 102 may be made substantially of Traditional ultrasound probes are typically constructed 
metal . with a housing made substantially of heat insulating material 

For example , the metal may be made of aluminum or ( e.g. , a polymeric material such as plastic ) . This is to prevent 
magnesium , and / or a related alloy or composite . In some surfaces of the ultrasound probe from experiencing high 
embodiments , the housing 102 is made of a magnesium temperatures , so as to be non - compliant with regulations 
composite having at least 50 % magnesium . In some embodi that require external surfaces of an ultrasound probe to be 
ments , the magnesium alloy AZ91D is used to form some or lower than a predetermined temperature . In such probes , 
all of the housing 102. Additionally or alternatively , in some heat is primarily channeled towards the non - imaging end of 
embodiments , the magnesium alloy AZ31B may be used to the ultrasound probe , where there is a cable through which 
form some or all of the housing 102. Further , in some the heat can be transferred and dissipated ( e.g. , in a wired 
embodiments , aluminum 6061 may be used to form some or ultrasound system ) or where there is a localized heatsink for 
all of the housing 102 . absorbing and / or dissipating the heat . 

The thermal conductivity characteristics of materials can In the present embodiments , a substantial portion of the 
be used as a way to identify a suitable material to form the housing 102 is made of metal ( except for the transducer 
housing 102. For example , aluminum 6061 may have a array cap 210 ( as shown in FIGS . 2A - 2C ) ) . This allows 
relatively high thermal conductivity of 167 watts per meter almost the entire surface area of the ultrasound imaging 
kelvin ( W / ( m · K ) ) , whereas the noted magnesium alloys may 20 device 100 to act as a heatsink and dissipate heat . This larger 
generally have lower thermal conductivity ( e.g. , AZ91D has surface area may dissipate more heat than any localized 
thermal conductivity of 72.3 W / ( m · K ) , and AZ31B has heatsink , so as to lower the overall heat retained in the 
thermal conductivity of 96 W / ( m · K ) ) . Thus , in some ultrasound imaging device 100. In turn , this reduces the 
embodiments , aluminum 6061 may be selected for the likelihood that any single exterior surface of the ultrasound 
material to be used to form the housing 102 ( e.g. , if optimal 25 imaging device 100 ( or region thereof ) would experience 
thermal performance is desired ) . overly high temperatures that would cause non - compliance 

However , in additional embodiments , it may be possible with applicable regulations . 
to select the material for the housing 102 not solely upon For example , in the embodiments discussed herein , a 
thermal performance but also upon additional characteristics significant portion of the heat may be generated by ICs ( e.g. , 
of the material such as density ( which may affect the overall 30 the ADCs and graphic processors ) provided within the 
weight of the ultrasound imaging device 100 ) and / or the housing 102 ; and as discussed below , posts may be added to 
suitability of the material for mass production processes extend from an interior surface of the housing 102 to assist 
such as die casting . For example , whereas aluminum 6061 with drawing heat away from the ICs towards the exterior 
may provide optimal thermal conductivity performance , surface of the housing 102 for improved heat dissipation . 
aluminum 6061 also has a higher density at 2.71 grams per 35 Due to the heat generated by the ICs , traditional ultrasound 
cubic centimeter ( g / cm ° ) . In contrast , the noted magnesium transducer designs may generally avoid the use of metal on 
alloys generally have lower thermal conductivity perfor the exterior surface of the housing 102 because metal may 
mance , but also a lower density ( e.g. , AZ91D has a density be warmer to the touch ( and thus be more vulnerable to 
of 1.9 g / cm " , and AZ31B has a density of 1.77 g / cmº ) . In non - compliance with applicable regulations ) than other 
embodiments where it is desirable to find a balance between 40 materials such as plastic . However , by having a substantial 
a material that provides sufficient thermal conductivity and portion of the housing 102 be made of metal , the heat 
also does not unduly increase the overall weight of ultra generated by the ICs may be able to be spread more evenly 
sound imaging device 100 , the noted example magnesium throughout the housing 102. As a result , the present embodi 
alloys may be used . For example , it may be desirable to ments may be less likely to experience any localized 
select AZ91D over aluminum 6061 because the reduction of 45 hotspots that make the device non - compliant with applicable 
the density from 2.71 g / cm² to 1.9 g / cm provides roughly regulations . 
a 30 % decrease in the weight of the housing 102 , while still In some embodiments , substantially all of the exterior 
providing acceptable thermal conductivity performance . surface of the metallic housing 102 may be exposed to air . 
Overall , the thermal conductivity of the material selected to In alternative embodiments , certain parts of the housing 102 
form the housing 102 may be at least 55 W / ( m · K ) and / or the 50 may be selectively covered with a layer of rubber or similar 
density of the material selected to form the housing may material . For example , in some embodiments , the grip 
less than 5 g / cm3 . portion 170 may be covered with a thin layer of rubber . The 

With respect to suitability for mass production processes , rubber material may make the ultrasound imaging device 
it will be understood by persons skilled in the art that there 100 less slippery and easier to grip . Additionally , by target 
may be multiple ways of producing the parts ( e.g. , the front 55 ing a limited area of the overall metallic housing 102 to be 
shell 202 and / or rear shell 502 ) that form the housing 102 . covered with the rubber material , such embodiments limit 
For example , it may be possible to machine the parts ( e.g. , the insulating impact of the rubber cover to the targeted area 
use a piece of raw material and cut it into a desired final ( e.g. , the grip portion 170 ) while still allowing a significant 
shape and size using a controlled material - removal process portion of the remaining metallic housing 102 to be exposed 
such as a Computer Numeric Control ( CNC ) automated 60 to air for enhanced heat dissipation . Further , the rubber 
machine ) . Alternatively , it may be possible to create the part cover on the grip portion 170 may reduce the heat sensation 
using die casting ( e.g. , to form the part by pouring molten felt by ultrasound operators and allow operators to hold the 
metal into a mold ) , which is typically used for mass pro device for longer periods of time . In doing so , the hand 
duction . As between the different example magnesium holding the ultrasound imaging device 100 may serve as a 
alloys discussed herein , AZ91D may be more suitable for die 65 heat sink ( e.g. , a heat sink additional to the heat radiating 
casting over AZ31B ( which is more suitable for machining ) ; into the ambient air from the remaining exposed metal 
although any one or more of machining , injection moulding , portions of the housing 102 ) for longer periods . 

be 
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In various embodiments , the percentage of the total exte assembly and can be mated with the front shell 202. The 
rior surface area of the metal housing 102 covered by the transducer array 208 may be coupled to the circuit boards 
rubber layer may be 0 % -49 % . For example , in the illustrated 212a , 212b , 212c , 212d , and in completely assembled from , 
example embodiments , the overall surface area of the metal the transducer array 208 may be covered with a transducer lic housing 102 may be approximately 31,525 millimeters 5 cap 210 . 
squared ( mm² ) . However , the surface area of the grip portion As shown with dotted connection lines in FIG . 2A , the 
170 may be approximately 12,164 mm ?, so that the remain circuit board 212a may be provided with openings 222 , 224 ing non - rubber - covered surface area of the metallic housing or cut - outs that fit around the posts 230a , 2306 , 230c , 230c ' . 102 is approximately 19,361 mm2 . In this embodiment , the 
rubber - covered grip portion 170 thus constitutes approxi- 10 around post 230a , and opening 224 may be shaped to fit For example , the opening 222 may be shaped so as to fit 
mately 38.6 % of the external surface area of the housing 
102 , while the non - rubber covered portion of the housing around post 230b . The post 230a may then have direct 
102 constitutes substantially more than half of the remaining physical contact with an IC ( e.g. , processor 220 ) provided on 
exposed surface of the metallic housing 102 ( e.g. , approxi circuit board 212c . In some embodiments , thermal paste 
mately 61.4 % of the surface area of the housing 102 ) . It will 15 may be provided on the processor 220 to increase the 
be understood by persons skilled in the art that other thermal coupling between the processor 220 and the post 
configuration of targeted rubber covering of selected por 230a . Thermal paste or grease may be usable in various 
tions of the housing 102 are possible . For example , an scenarios described herein . An example thermal grease that 
ultrasound imaging device 100 configured with a smaller can be used herein is HydronautTM thermal paste available 
grip portion 170 may have a smaller percentage of the 20 from Thermal GrizzlyTM However , it will be understood 
overall surface area of the housing 102 be covered by rubber . that any other suitable thermal paste or grease may be used 
While the use of a rubber covering is discussed herein , in instead . 
various embodiments , the cover may be made of any suit To convert the analog ultrasound information received by 
able polymer - based material . For example , any one or more the ultrasound transducer 208 into digital signals , a number 
of polyurethane , thermoplastic elastomer , and / or silicone 25 of ADCs 240b , 240d may be positioned on circuit boards 
may be used in addition to , or instead of , rubber as the 212b , 212d respectively . As shown , the ADCs 240b are 
material for the covering . provided on the surface of the circuit board 212b which 

Moreover , the embodiments described herein may include faces circuit board 212c . 
other configurations of ultrasound imaging devices with The ADCs 240b may heat up the upper region of circuit 
metal housings 102 that have a variety of different surface 30 board 212b . To provide improved dissipation of the heat 
area measurements , so long as the heat dissipation tech present on the upper region of circuit board 212b , the post 
niques described herein are practised . For example , in some 230b may mate with an area on the surface of the circuit 
embodiments , the exterior surface of the metal housing 102 board 212b that is opposite the ADCs 240b and facing the 
of an ultrasound imaging device 100 may have a surface area interior surface 206 of the front shell 202. As illustrated with 
of at least 10,000 mm ?. 35 dotted connection lines , the post 230b may protrude through 

Referring still to FIG . 1C , a recess may be provided on an opening 224 in circuit board 212a to mate with an area of the 
exterior surface of the housing 102 to allow for placement of upper region of board 212b that is proximately opposite the 
an antenna that allows for wireless communications . As ADCs 2406. However , in alternative embodiments , the post 
shown , a recess is provided under a cover 108a , under which 230b may be configured to mate to circuit board 212b at an 
suitable antennas for wireless communications may be 40 area that is directly opposite the ADCs 240b ( e.g. , if the 
placed . In some embodiments , to allow for improved wire position of the ADCs 240b are moved towards the top of the 
less communication performance and / or capacity , the hous circuit board 212b or if the post 230b and the opening 224 
ing 102 may be provided with multiple recesses to allow for is moved lower to mate with an area on the surface of the 
placement of multiple antennas . FIG . ID shows a right side circuit board 212b that is directly opposite the ADCs 240b ) . 
view of the ultrasound imaging device 100 , which has a 45 Similar to the post 230a , the post 230b mating with circuit 
recess similar to that which is on the left side of the board 2126 helps to draw heat away from the upper region 
ultrasound imaging device 100 and is covered by a cover of the circuit board 212b ( which , in turn , may experience 
1086. The grip portion 170 is also shown in FIGS . 1C and high temperatures due to the heavy loads being processed by 
1D . Further details of the placement of the antenna within the ADCs 2406 ) towards the front shell 202 for dissipation 
the recesses are discussed below in relation to FIGS . 6A , 6B , 50 through the exterior surface 204. In some embodiments , 
and 7 . thermal paste may also be used to improve the thermal 

Referring to FIG . 2A , shown there generally as 200a is a coupling between the post 230b and where it mates with the 
rear perspective exploded view of some of the components surface of the circuit board 212b facing the front shell 202 . 
in the ultrasound imaging device of FIGS . 1A - 1D , in accor Configuring posts 230 to couple directly to a heat source 
dance with at least one embodiment of the present invention . 55 such as an IC ( as is the case for post 230a ) may generally be 
As shown , the front shell 202 ( forming part of the housing considered the most efficient way to draw heat away from 
102 shown in FIG . 1A ) may have an exterior surface 204 and the IC . While introducing an intermediate medium such as 
an interior surface 206. A number of posts 230a , 230b , 230c , a circuit board 212b in between the heat source ( e.g. , ADCs 
230c ' may be coupled directly to the interior surface 206 of 2406 ) and the post 230b may slightly reduce the efficiency 
the front shell 202 to allow heat generated by ICs to be 60 of the heat transfer , the degradation in heat transfer effi 
transferred via the posts 230a , 230b , 230c , 230c ' to the ciency may be minimal in embodiments where the ultra 
housing 102 and dissipated via the exterior surface 204. As sound imaging device 100 is small and enclosed . For 
shown , the exterior surface 204 may be exposed to open air example , this may be because the small and enclosed nature 
( e.g. , without any covering ) to facilitate improved heat of the ultrasound imaging device 100 will cause the tem 
dissipation . 65 perature of almost all the components within the housing 

In the illustrated embodiment , there may be a number of 102 to reach a similar level in a relatively short period of 
circuit boards 212a , 212 , 212 , 212d which form an time . This may enable the circuit board 212b to transfer heat 
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to the post 230b with a thermal transfer efficiency that is Referring to FIG . 2C , shown there generally as 200c is a 
similar to scenarios where the ICs are coupled directly to a front perspective exploded view of the ultrasound imaging 

device of FIGS . 1A - 1D , in accordance with at least one 
To further improve the dissipation of heat generated by embodiment of the present invention . FIG . 2C shows a front 

ADCs 2405 , the ADCs 240b may mate directly with portions 5 view of the front shell 202 of the housing 102 having 
of the circuit board 212c ( shown with dotted connection exterior surface 204 , and internal posts 230a , 230 , 230c , 

230c ' shown in dotted outline . FIG . 2C also shows the lines in FIG . 2A ) . As discussed in greater detail below with 
respect to FIG . 2C , heat may transfer through the ground surfaces of circuit boards 212a , 212 , 212c , 212d facing the 
plane of the circuit board 212c and be transferred to posts interior surface 206 of the front shell 202 , along with 

10 transducer array 208 and transducer cap 210. In FIG . 2C , the 230c , 230c ' , which may be mated with the circuit board 212c 
at another area of the board 212c other than where the ADC processor 220 is shown as being fixed to circuit board 212c . 

As was discussed in relation to FIG . 2A above , a dotted 240b mates with circuit board 212c . As with the post 230b , connection line shows how post 230a may protrude through the posts 230c , 230c ' helps to transfer the heat generated by circuit board 212a via opening 222 so as to mate directly the ADCs 240b to the housing 202 so that it can be 15 with processor 220 and draw heat away therefrom . Simi dissipated by the exterior surface 204 . larly , another dotted connection line shows how post 230b Various techniques may be used to facilitate the mating of may protrude through circuit board 212a via opening 224 so 
ADCs 240b to the circuit board 212c . As shown in FIG . 2A , as to mate with an area on the surface of circuit board 212b 
thermal pads 250b are used to provide coupling and thermal that is proximately opposite ADCs 240b . 
conductivity between the ADCs 240b and the circuit board 20 FIG . 2C also shows how ADCs 2406 , 240d may mate with 
212c . However , other methods of facilitating thermal cou circuit board 212c via thermal pads 250b , 250d respectively . 
pling ( e.g. , thermal grease or paste ) may also be used . As was the case with the surface of circuit board 212c facing 
Generally , in various embodiments herein , thermal pads or away from the interior surface 206 of the front shell 202 ( as 
thermal grease may be used interchangeably . For example , shown in FIG . 2A ) , there may be exposed ground plane 
thermal pads may be used to bridge wider gaps , and thermal 25 areas 260b on the front surface of the circuit board 212c for 
grease may be used to bridge narrower gaps . However , it mating with the ADCs 240b on circuit board 212b via 
will be understood by persons skilled in the art that any thermal pads 250b . 
combination of one or more of thermal pads , thermal grease , As viewable in FIG . 2C , dotted connection lines show 
or any other suitable method of providing thermal coupling how exposed ground plane areas 270a , 270b may be pro 
may be used herein when thermal coupling between com- 30 vided to mate with posts 230c ' , 230c respectively . Heat 
ponents is discussed . generated by the ADCs 240b , 240d may generally be trans 

In some embodiments , to provide additional capacity to ferred via the thermal pads 250b , 250d to the exposed 
process received ultrasound signals and provide improved ground plane areas 260b , 260d . As will be understood by 
image quality , there may be additional ADCs 240d on circuit persons skilled in the art , the ground plane of circuit board 
board 212d . As illustrated , these ADCs 240d may similarly 35 212c may generally be made of a material that is of high 
mate with the circuit board 212c via thermal pads 250d to thermal conductivity ( e.g. , copper ) . As a result , the heat 
allow for improved dissipation of the heat generated by received by the exposed ground plane areas 260b , 260d may 
ADCs 240d . In FIG . 2A , exposed ground plane areas 260d be transferred through the ground plane of the circuit board 
on the circuit board 212c are shown . As shown with the 212c to the exposed ground plane areas 270a , 270b that 
dotted connection lines , the ADCs 240d may mate to these 40 couple with the posts 230c , 230c . The heat may then further 
exposed ground plane areas 260d via thermal pads 250d to be transferred though the posts 230c ' , 230c to the housing 
facilitate the transfer of heat from the ADCs 240d to the 102 ( e.g. , front shell 202 ) and dissipated through the exterior 
ground plane of circuit board 212c . Referring briefly simul surface 204 . 
taneously to FIG . 2C , similar exposed ground plane areas In the example embodiment illustrated in FIG . 2C , the 
260b may be provided on the front surface of circuit board 45 post 230a is coupled directly to at least one IC ( e.g. , the 
212c to allow mating with the ADCs 240b on the circuit processor 220 ) . In contrast , the posts 2306 , 230c , 230c ' may 
board 212b via thermal pads 250b . be considered to be in indirect physical contact with a 

Referring to FIG . 2B , shown there generally as 2006 is a number of ICs through at least one or more intermediate 
side exploded view of the ultrasound imaging device of circuit boards . For example , the post 230b may be in indirect 
FIGS . 1A - 1D , in accordance with at least one embodiment 50 contact with the ADCs 240b through circuit board 212b . 
of the present invention . Dotted connection lines show how Likewise , posts 230c , 230c ' may be considered to be in 
post 230a ( not shown in FIG . 2B ) in front shell 202 may indirect physical contact with ADCs 240b , 240d through 
mate with processor 220 provided on circuit board 2120 circuit board 212c ( and in the illustrated embodiments , also 
through circuit board 212a . Similarly , another dotted con through thermal pads 250b , 250d ) . 
nection line shows how post 230b ( not shown in FIG . 2B ) 55 In contrast with dissipating heat into the internal ambient 
may mate with a region of the front surface of circuit board air for transfer to the housing 102 , the posts 230 may provide 
212b that is proximately opposite the ADCs 240b which improved conduits of thermal energy transfer and draw more 
may be provided on circuit board 212b . Further dotted of the heat generated by the processor 220 or ADCs 2406 , 
connection lines show how ADCs 240b provided on circuit 240d . This may allow for more heat to be transferred to the 
board 212b may be mated to circuit board 212c via thermal 60 housing 102 ( e.g. , front shell 202 ) for dissipation through the 
pads 250b , and how ADCs 240d provided on circuit board exterior surface 204 . 
212d may be mated to circuit board 212c via thermal pads Posts 230 may generally be made of any material that 
250d . The transducer array 208 may be connected to circuit provides improved thermal conductivity over ambient air . In 
board 212c and transducer cap 210 are also shown in FIG . some embodiments , one or more of the posts 230 may be 
2B . As discussed , the heat generated by the various com- 65 made of the same metal that the front shell 202 ( and the 
ponents ICs may travel through the posts 230 ( not shown in housing 102 ) is made of . The posts 230 being made of the 
FIG . 2B ) to be dissipated via exterior surface 204 . same metal may allow for there to be uniform thermal 
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conductivity as between the posts 230 and the housing 102 , ( also with hollow interiors ) that are attached to slots receiv 
so as to facilitate better heat transfer to the housing 102. It ing the posts 2306 and 230c . This is why in the illustrated 
may also allow the heat to be spread out evenly across all embodiments , there is a line separating the body of the posts 
parts of the same material , so as to reduce the likelihood of 230b , 230c from corresponding slots for receiving the posts 
concentrated hot spots at any single region of a post 230 5 230b , 230c ; where such line is not present on post 230a . 
( where such hot spots may potentially expose internal ICs to Referring to FIG . 3A , shown there generally as 300a is an 
excessive heat and cause damage thereto ) or on surfaces of interior view of the front shell 202 shown in FIGS . 2A - 2C , 
the housing 102 ( where such hot spots may cause discomfort in accordance with at least one embodiment of the present 
to ultrasound operators or cause non - compliance with appli invention . In FIG . 3A , the front shell 202 is shown only with 
cable temperature regulations ) . 10 the transducer cap 210. The interior view of the front shell 

The posts 230 may be formed in different shapes and 202 provides a clear view of the interior surface 206 ( as 
configurations . For example , the posts 230 may be provided shown in FIG . 2A ) of the front shell 202. As a result , posts 
in a circular , square , rectangular , or other shape . Addition 230a , 230 , 230c , 230c ' can be seen . 
ally or alternatively , the posts 230 may be constructed as Referring to FIG . 3B , shown there generally as 300b is a 
having a solid metal interior or having a hollow interior 15 cross - sectional view of the front shell of FIG . 3A , along line 
which can then be filled with thermal paste and / or a solid A - A shown in FIG . 3A , in accordance with at least one 
block of metal . Since the metal may provide improved embodiment of the present invention . In the illustrated 
thermal conductivity over ambient air , a solid metal interior embodiment , it can be seen that the exterior surface 204 of 
may provide improved heat dissipation over a configuration the front shell 202 may be configured to have a number of 
where there is no post 230 at all . However , to further 20 fins 310. At the same time , certain regions 315 of the exterior 
improve heat transfer , in some embodiments , it may be surface 204 may be configured to have a smooth surface 
possible to provide a post 230 that is hollow and filled in without any fins 310 . 
with thermal paste . Since thermal paste may have higher The appearance of the fins 310 on an ultrasound imaging 
thermal conductivity over the metal of the posts 230 , the device 100 may take various forms . However , in the 
thermal paste provided within the post 230 may further 25 example embodiment illustrated in the various drawings 
improve heat transfer from the surface to which the post 230 herein ( e.g. , as most prominently shown in FIG . 1A ) , the fins 
is mated ( e.g. , a circuit board or an IC ) towards the housing may , alone or in combination with other visual elements , 
102. Additionally or alternatively , in some embodiments , to primarily provide a distinctive visual and decorative appear 
provide for structural integrity of a given post 230 , the ance for the ultrasound imaging device 100. For example , 
hollow interior of a post 230 may be filled with a solid block 30 the layout , arrangement , and positioning of the fins 310 may 
of metal that is attached via an adhesive and surrounded by provide visual distinctiveness for the illustrated example 
thermal paste . embodiment of the ultrasound imaging device 100 . 

In addition to considerations about thermal conductivity , Additionally , configuring the exterior surface 204 to have 
the manufacturing process used to create the housing 102 a number of fins 310 may increase the surface area of the 
may be taken into account when determining the shape and 35 exterior surface 204 of the front shell 202 and the housing 
configuration of the posts 230. For example , when a machin 102 overall , so as to further improve heat dissipation . For 
ing process is used to create the housing 102 , it may be example , the fins 310 added to the exterior surface 204 of the 
suitable to perform the machining in a manner that leaves a front shell 202 may increase the surface area of the exterior 
solid metal post . However , when a die casting process is surface of the entire housing 102 by at least 30 % . In one 
used , it may be difficult to achieve a solid metal post with the 40 example embodiment , the fins 310 added to the front shell 
same thickness that can be obtained via the machining 204 increases the surface area of the housing 102 by 33 % . 
process . As such , when using die casting , it may be suitable As noted above , for example , in some embodiments , the 
to create a mold with a post having a hollow interior ( with total exterior surface of the housing 102 may have surface 
side walls having a thickness suitable for die casting ) , which area of at least 31,525 mm² ( inclusive of the grip portion 170 
can then be filled in the manner noted above ( e.g. , with 45 shown in FIG . 1A that may be covered with rubber in some 
thermal paste or a solid metal block ) . embodiments ) . 

Different methods may be used to attach the posts 230 the Further , the presence of the fins 310 may provide texture 
interior surface 206 of the front shell 202. For example , in on the exterior surface of the housing 102 where there may 
some embodiments , one or more of the posts 230 and the otherwise be a smooth surface . As compared to traditional 
housing 102 form part of a unitary body . Such a unitary body 50 wired ultrasound imaging systems where the ultrasound 
may be created by including the posts 230 in the mold used probe may be grasped at via an attached cable , this texture 
to create the front shell 202 ( e.g. , if the front shell 202 is may allow a wireless ultrasound imaging device 100 to be 
created by injection moulding and / or die casting ) . Addition better gripped or picked up by ultrasound operators . 
ally or alternatively , separately formed posts 230 may be Referring still to FIG . 3B , shown there are the positions 
attached to the front shell 202 at desired locations . For 55 of certain regions of the exterior surface 204 of the front 
example , the front shell 202 may be formed with slots for shell 202 relative to the post 230a , 230b on the interior 
receiving one or more of separately formed posts 230 , and surface 206 of the front shell 202. For example , as shown , 
such posts 230 may be attached using the slots after creation the smooth region 315 of the exterior surface 204 may be 
of the front shell 202. In some embodiments , such attach provided opposite the post 230b . Additionally , it may be 
ment may be achieved using adhesive ( e.g. , LoctiteTM 435 ) . 60 possible to position the fins 310 on a region of the exterior 
Thermal paste may also be used to enhance the thermal surface 204 opposite a location on the interior surface 206 
attachment between the separately formed posts 230 and the that is directly coupled to the post 230a . Configuring the fins 
slots that receive the posts 230. Referring again briefly to 310 to be directly opposite a post 230a may allow heat to be 
FIG . 2A , it can be seen that in the illustrated embodiment , transferred more easily from the post 230a towards a region 
post 230a is provided as being a unitary part of the front 65 of the exterior surface 204 having increased surface area , so 
shell 202 ( shown with a hollow interior ) . However , post that the heat can be more easily dissipated therefrom . At the 
230b and 230c are illustrated as separately formed posts same time , the increased surfaced area created by the fins 
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310 may spread the heat channeled by the post 230a over a embodiments , the metallic spacers 405 may be any form of 
larger surface area and reduce the likelihood of significant suitable metallic component that allows for heat transfer . For 
hot spots being created on the exterior surface 204 at regions example , the metallic spacer 405 may be an bushing or a 
directly opposite the area where the post 230a is coupled . bolt , and either threaded or unthreaded . 
This effect of spreading the heat over a larger area may be 5 In some embodiments , the circuit boards 212d , 212c , 
further enhanced by having the finned region of the exterior 212b , 212a may be configured to have exposed ground 
surface 204 be larger in size than the area on the interior planes in areas where the circuit boards come into contact surface 206 that is directly coupled to the post 230a . with the metallic spacers 405. Such a configuration may Additionally , the finned region may increase the distance enhance heat transfer amongst the multiple circuit boards ( e.g. , create a small gap ) between the surface immediately 10 2120 , 212c , 212 , 212a through the metallic spacers 405 , opposite where a post 230a is coupled and the surface that and specifically , enhance heat transfer towards the ground comes into contact with the ultrasound operator . This small plane of circuit board 212c . As discussed above in relation air gap may reduce the heat sensation felt by the ultrasound to FIG . 2C , the ground plane of 212c is coupled to posts operator . 

Referring to FIG . 4A , shown there generally as 400a is a 15 230c , 230c ' provided on the front shell 202 of the housing 
rear view of a partially - assembled ultrasound imaging 102 , so that heat can be dissipated therefrom . As illustrated 
device of FIGS . 1A - 1D , in accordance with at least one in FIG . 4B , the metal spacers 405 are shown in the cross 
embodiment of the present invention . FIG . 4A generally sectional view along line B - B of FIG . 4A . However , the 
shows an interior view of when the components of FIGS . metal spacers 405 and corresponding mounting holes may 
2A - 2C are assembled . From the illustrated rear view , the 20 be provided at any area of one or more of the circuit boards 
front shell 202 , transducer cap 210 , and circuit boards 212c , 212d , 212c , 212b , 212a that allows a common screw or other 
212d can be seen . mechanism to bind the one or more of the circuit boards 

Referring to FIG . 4B , shown there generally as 400b is a 212d , 212c , 212b , 212a together and / or to the housing 102 . 
cross - sectional view of the partially - assembled ultrasound Additionally , there may be a number of connectors ( not 
imaging device shown in FIG . 4A along the line B - B , in 25 shown ) that allow one or more of the various circuit boards 
accordance with at least one embodiment of the present 212d , 212c , 212b , 212a to be coupled together for electrical 
invention . Referring briefly also to FIG . 3A , it can be seen communication . These various connectors may have metal 
that the section line B - B may generally cut through portions lic ground pins that may provide a further heat transfer 
of posts 230a and 2306. FIG . 4B provides a view similar to mechanism amongst the ground planes of the circuit boards 
that shown in FIG . 3B , except a number of additional 30 212d , 212c , 212b , 212a , and allow heat to be channeled 
components shown in FIGS . 2A - 2C are also shown . towards the ground plane of circuit board 212c which is 

In FIG . 4B , it can be seen that posts 230a , 230b are physically coupled to posts 230c , 230c ' . 
directly coupled the interior surface 206 of the front shell As mentioned pove , provide ultrasound images with 
202. Circuit board 212a can be seen to be fitting around the high quality and desired tissue penetration , the ultrasound 
posts 230a , 230b , and processor 220 provided on circuit 35 image device 100 may be provided with a number of ADCs 
board 212c is mated directly to the post 230a . Post 230b is 240b , 240d , and a processor 220 that is capable of carrying 
mated to an upper region of the surface of circuit board 212b heavy loads when performing image processing . For 
that faces the front of the ultrasound imaging device 100 . example , in some embodiments , the ADCs 2406 , 240d , 
Also , the ADCs 240 provided on boards 212b , 212d are processor 220 , and / or other ICs may collectively or indi 
mated to circuit board 212c via thermal pads 250. As 40 vidually consume at least 3 watts of power ( e.g. , while 
discussed above , the thermal pads 250 may be mated to the imaging or in any other active mode ) . In one example 
ground plane of the circuit board 212c , which is then embodiment , a programmable System on a Chip ( SOC ) may 
indirectly mated to additional posts 230c , 230c ( not shown be used and such IC may consume 3.5-4.5 watts of power 
in FIG . 4B ) through the ground plane of the circuit board while imaging . This level of power consumption may be 
212c for heat transfer . FIG . 4B also shows the coupling of 45 considered to be relatively high for portable wireless 
the transducer array 208 to circuit board 212c , and the devices , and the present embodiments may be particularly 
transducer cap 210 . applicable in such situations to dissipate the higher levels of 

Also viewable in FIG . 4B are a number of metallic heat generated by the increased power consumption . 
spacers 405 ( not shown in earlier figures ) which may allow While the embodiments described herein may be 
the circuit boards 212d , 212c , 212 , 212a to be held 50 employed in any context where heat is generated from ICs 
together . In such embodiments , the circuit boards 212 may within the housing 102 , the techniques discussed may be 
be provided with mounting holes ( not shown ) which are particularly applicable in embodiments where it is desired to 
connected to the ground planes of the various circuit boards dissipate heat generated from general purpose ICs . Unlike 
( including circuit board 212c ) . Metallic screws ( not shown application - specific integrated circuits ( ASICs ) which can 
in FIG . 4B ) may then be used to thread through the metallic 55 be designed to perform within particular heat parameters 
spacers 405 and secure the circuit boards 212d , 212c , 212b , while still carrying heavy loads , general purpose ICs may 
212a together . One or more of the circuit boards 2120 , 2120 , not be designed in such a manner and , as a result , may 
212b , 212a may then be secured to the housing 102 ( e.g. , to generate more heat . However , use of general - purpose ICs 
the front shell 202 and / or the rear shell 502 ) through the allows ultrasound imaging devices 100 to be designed and 
same or additional mounting holes provided on the circuit 60 constructed in a more straightforward and cost - effective 
boards 212d , 212c , 212b , 212a , also using metallic screws . manner . As such , the techniques described herein may 
The metallic screws travelling through multiple circuit facilitate heat dissipation using general - purpose ICs without 
boards 212 and metallic spacers 405 and eventually having resorting to the expense and effort of designing a dedicated 
indirect contact with the housing 102 may provide an ASIC that outputs lower heat . Indeed , the improved heat 
additional heat transfer path from various ICs provided on 65 dissipation mechanisms discussed herein may reduce the 
the circuit boards 212d , 212c , 212 , 212a to the housing possibility of IC failures and / or the surface temperature of 
102 , and thereby further improve heat dissipation . In various the housing 102 being non - compliant with applicable safety 
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regulations ( for ultrasound imaging devices 100 generally , for dissipating the additional heat that would not be able to 
and in particular embodiments where general - purpose ICs be channeled towards the rear shell 502 due to the battery 
are used ) . 106 . 

Referring to FIG . 5A , shown there generally as 500a is an Referring to FIG . 6A , shown there generally as 600a is an 
exterior view of the rear shell 502 that forms part of the 5 exterior perspective exploded view of the rear shell 502 
housing 102 of the ultrasound imaging device of FIGS . shown in FIGS . 5A - 5B , in accordance with at least one 
1A - 1D , in accordance with at least one embodiment of the embodiment of the present invention . As discussed above in 
present invention . To provide substantially uniform thermal relation to FIG . 1C , the rear shell may have recesses on its 
conductive properties across the entire housing 102 , in some sides to allow for placement of antennas for wireless com 
embodiments , the rear shell 502 may also be made of the 10 munications . While a housing 102 that is made substantially 
same metal as the front shell 202. As shown , the rear shell of metal may improve heat dissipation , metal is generally a 

ferromagnetic material that may interfere with proper opera 502 may have an exterior surface 204 ' that includes a slot tion of antennas if the antennas are placed within the metal 510 for receiving the removable battery 106 ( not shown in housing 102. The recesses may thus allow the housing 102 
FIG . 5B , but shown included in the view of FIG . 1B ) . The 15 to be made substantially of metal ( and achieve as much heat rear shell 502 may provide a latch 512 for securing the dissipation as possible ) , but also provide a mechanism for 
battery 106 in place when it is placed within the slot 510. It placement of the antennas on the exterior of the housing 102 
will be understood by persons skilled in the art that a latch so that wireless communications may not be unduly 
512 is simply one way of securing the battery 106 in place impeded . 
when it is in the slot 510 , and that other mechanisms may be As compared to some mobile communication devices 
possible . Moreover , in some embodiments , the ultrasound ( e.g. , mobile phones ) that have metallic backings , a larger 
imaging device 100 may not have a removable battery , and portion of the housing 102 of the ultrasound imaging device 
instead , an internal battery may be provided . 100 may be made of metal . For example , in the illustrated 

Referring to FIG . 5B , shown there generally as 500b is an embodiments , the entire housing 102 ( except for the trans 
interior view of the rear shell 502 that forms part of the 25 ducer cap 210 ) may be made of metal . Whereas a traditional 
housing 102 of the ultrasound imaging device of FIGS . mobile communications device may typically have a screen 
1A - 1D , in accordance with at least one embodiment of the or other gaps in their housing that would allow wireless 
present invention . The rear shell 502 may have an interior signals to be effectively transmitted from an antenna posi 
surface 206 which is placed adjacent the circuit boards tioned within a metal housing , the mobile wireless ultra 
212d , 212c shown in FIG . 4A when the rear shell 502 mates 30 sound device 100 of the present embodiments does not have 
with the front shell 202 and the ultrasound imaging device a screen or such gaps . Instead , a larger portion of the housing 
100 is in assembled form . Referring briefly also to FIG . 4B , 102 may be constructed of metal to better facilitate dissi 
the circuit boards 212a , 212 212c , 212d may be secured pation of the higher level of heat generated by the higher 
together ( e.g. , via , or as separated by , metallic spacers 405 ) wattage processing components ( e.g. , ADCs 2406 , 240d ) in 
to form a circuit board assembly . The circuit board assembly 35 an ultrasound imaging device 100 . 
may then be secured to the rear shell 502 ( and housing 102 ) In the illustrated embodiment of FIG . 6A , there may be 
to allow for an additional heat transfer path from the ICs to antennas 602a , 602b , which are to be placed within recesses 
the housing 102. In some embodiments , the metallic screws on the two sides of rear shell 502. To provide improved 
that secure the circuit board assembly together may also be operation of the antennas 602a , 602b , there may also be 
used to secure the circuit boards to the housing 102. In some 40 provided shims 604a , 604b to space the respective antenna 
embodiments , there may be one set of screws that binds the 602a , 602b away from the metallic rear shell 502. In various 
circuit boards 212 , 212c , 212b , 212a together , and another embodiments , the antennas 602a , 602b may provide wire 
set of screws that bind the bounded circuit board assembly less communications on various frequencies ( e.g. , 2.4 Ghz 
to the housing 102. As shown in FIG . 5B , there are a number or 5 Ghz ) that are suitable to enable communications using 
of mounting holes 530 that may be used to receive metallic 45 any wireless communication protocols ( including Wi - FiTM 
screws so as to allow for the circuit board assembly to be or BluetoothTM ) . In various embodiments , a single antenna 
secured to the rear shell 502 . 602a may be a wireless antenna module that includes 

Referring simultaneously to FIG . 1C , FIG . 4B , and FIG . multiple types of antennas that communicate on multiple 
5A , it can be seen that when the ultrasound imaging device frequencies and / or protocols ( e.g. , the module may include 
100 is in assembled form , the battery 106 ( as shown in FIG . 50 both Wi - FiTM and BluetoothTM antennas ) . In such embodi 
1C ) that powers the ultrasound imaging device 100 is ments , the same antenna module may be added in both the 
positioned on a side of the ultrasound imaging device 100 left and right recesses of the rear shell 502 to allow for 
that is opposite the fins 310. Since the battery 106 is improved radio link performance using multiple - in and 
typically made of a material that is less thermally conductive multiple - output ( MIMO ) methods . The shape of the recess 
than the metallic surface 204 ' ( as shown in FIG . 5A ) of the 55 may be configured to fit any type of suitable antenna module 
housing 102 , it may be difficult for heat to travel through the that allows for desired wireless communications . For 
battery 106 to dissipate from the exterior surface 204 ' of the example , in one example embodiment , the antenna module 
rear shell 502. The heat generated by the internal compo 001-0021 , manufactured by LSRTM may be used . 
nents of the ultrasound imaging device 100 may thus gen Referring still to FIG . 6A , covers 108a , 108b may be 
erally be channeled to the front shell 202 ( as shown in FIG . 60 placed over the antennas 602a , 602b so as to form substan 
1C ) for dissipation . The positioning of the posts 230 to tially flat side surfaces of the ultrasound imaging device 100 . 
couple directly with the interior surface 206 of the front shell The covers 108a , 108b may generally be made of non 
202 ( as shown in FIG . 4B ) may thus assist with such ferromagnetic material so as to not interfere with the opera 
channeling of heat . In addition , the placement of fins 310 on tion of the antennas 602a , 602b . In some embodiments , the 
an area of the exterior surface of the housing 102 opposite 65 covers 108a , 108b may form a seal with the adjacent exterior 
the side of the ultrasound imaging device 100 where the surfaces of the housing 102 so as to prevent ingress ( e.g. , 
battery 106 is positioned may provide a greater surface area from liquid or dust ) . In embodiments where the slot 510 for 
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the battery 106 is constructed to also be sealed when the provided on a corner of the recess that is already adjacent the 
battery 106 is in place , the entire ultrasound imaging device interior surface of the rear shell 502 . 
100 may be considered to be protected from ingress into the Referring to FIG . 7 , shown there generally as 700 is an 
interior of the device 100. In some embodiments , the hous interior perspective view of a partially - assembled configu 
ing may have an International Protection Marking ( IP Code ) 5 ration of the components shown in FIGS . 6A - 6B , in accor 
ingress rating of at least IPX7 . dance with at least one embodiment of the present invention . 
As shown in FIG . 6A , each of the antennas 602a , 602b FIG . 7 shows the antenna 602b being provided within in the 

may have corresponding connector wires 610a , 610b for right - hand recess of the rear shell 502. In assembled form , 
connecting to and communicating with the electronic com the connector wire 610b of the antenna 602b may be inserted 
ponents inside the housing 102. To allow for the connector 10 in opening 620b ( not shown in FIG . 7 ) provided near the 
wires 610a , 610b to electronically couple with internal exterior surface of the rear shell 502 , so as to tunnel through 
electronic components , the rear shell 502 may provide small the body of the rear shell 502 and protrude through the 
openings in the recesses where the antennas 602a , 602b are opposite end 6206 ' of the opening 620b . Also viewable in 
to be placed . The connector wires 610a , 610b may then be FIG . 7 is the connector wire 610a of antenna 602a ( shown 
threaded through these openings to the interior of the 15 in FIGS . 6A and 6B ) that protrudes through opening 620a 
housing 102 so that they may , for example , connect with ( as shown in FIG . 6A ) and exits at the opposite end 620a ' on 
circuit boards 212a , 212b , 212c , 212d ( as shown in earlier the interior surface of the rear shell 502. Also viewable in 
figures ) and other ICs provided thereon . FIG . 7 are the covers 108a , 108b which may be placed over 
As discussed above , it may be possible to use the same the recesses , and mounting holes 530 to which circuit boards 

antenna modules ( having both Wi - FiTM and BluetoothTM 20 212 may be mounted , as discussed above . 
antennas ) in each of the left and right recesses provided on 
the rear shell 502. However , if the same antenna module is Interpretation of Terms 
used , the connector wires 610a , 610b may not always be 
positioned towards the same surface of the rear shell 502 Unless the context clearly requires otherwise , throughout 
when placed within the recesses . For example , in the view 25 the description and the claims : 
and orientation shown in FIG . 6A , the connector wire 610a " comprise ” , " comprising ” , and the like are to be con 
is shown as being provided on the top right corner of the strued in an inclusive sense , as opposed to an exclusive 
antenna module 602a . To allow for this connector wire 610a or exhaustive sense ; that is to say , in the sense of 
to thread into the interior of the housing 102 , an opening “ including , but not limited to ” ; 
620a may be provided in the corresponding corner of the 30 “ connected ” , “ coupled ” , or any variant thereof , means 
recess . As shown in FIG . 6A , the opening may be provided any connection or coupling , either direct or indirect , 
on a corner of the recess that is proximate the interior surface between two or more elements ; the coupling or con 
of the rear shell 502. In contrast , if the same ar enna module nection between the elements can be physical , logical , 
is placed in the opposite recess provided on the rear shell or a combination thereof ; 
502 , the connector wire 610b provided with the antenna 35 “ herein ” , “ above ” , “ below ” , and words of similar import , 
module 602b may be flipped along its lengthwise axis , so when used to describe this specification , shall refer to 
that connector wire 610b extends from the upper left hand this specification as a whole , and not to any particular 
corner of the antenna module 602b . The connector wire portions of this specification ; 
610b may then be oriented towards the exterior surface of “ or ” , in reference to a list of two or more items , covers all 
the rear shell 502 instead of the interior surface of the rear 40 of the following interpretations of the word : any of the 
shell 502. In some embodiments , an opening 620b may be items in the list , all of the items in the list , and any 
provided in the corresponding corner of that recess , which is combination of the items in the list ; 
proximate the exterior surface of the housing 102. This the singular forms “ a ” , “ an ” , and “ the ” also include the 
opening 620b may be more clearly viewable in FIG . 6B . meaning of any appropriate plural forms . 

Referring simultaneously to FIG . 6B , shown there gen- 45 Unless the context clearly requires otherwise , throughout 
erally as 600b is an interior perspective exploded view of the the description and the claims : 
rear shell shown in FIGS . 5A - 5B , in accordance with at least Words that indicate directions such as " vertical ” , “ trans 
one embodiment of the present invention . The view 600b verse ” , “ horizontal ” , “ upward ” , “ downward ” , “ forward ” , 
shows the same components of FIG . 6A , but flipped along “ backward ” , “ inward ” , “ outward ” , “ vertical ” , “ transverse ” , 
the longest axis of the rear shell 502. The antenna 602a , 50 “ left ” , “ right ” , “ front ” , “ back ” , “ top ” , “ bottom ” , “ below ” , 
shim 604a , and cover 108a are illustrated . As shown , a “ above ” , “ under ” , and the like , used in this description and 
corresponding end 620a ' of the opening 620a ( as shown in any accompanying claims ( where present ) , depend on the 
FIG . 6A ) may be provided on the interior surface of the rear specific orientation of the apparatus described and illus 
shell 502 , so as to allow the connector wire 610a to protrude trated . The subject matter described herein may assume 
into the interior surface of the housing 102 . 55 various alternative orientations . Accordingly , these direc 
FIG . 6B also shows the antenna 602b , shim 604b , and tional terms are not strictly defined and should not be 

cover 108b that may be placed in the opposite recess of the interpreted narrowly . 
rear shell 502. As shown , the opening 620b may be provided Where a component ( e.g. a software module , processor , 
near a corner of the recess that is proximate the exterior assembly , device , circuit , etc. ) is referred to above , unless 
surface of the rear shell 502 , so as to align with the 60 otherwise indicated , reference to that component ( including 
positioning of the connector wire 610b on the antenna 602b . a reference to a “ means ” ) should be interpreted as including 
The opening 620b may tunnel through the body of the rear as equivalents of that component any component which 
shell 502 to its corresponding end 6206 ' ( e.g. , through the performs the function of the described component ( i.e. , that 
depth of the shortest axis of the rear shell 502 ) so as to allow is functionally equivalent ) , including components which are 
the connector wire 610b to be presented to the interior 65 not structurally equivalent to the disclosed structure which 
surface of the housing 102. This tunneling may not be performs the function in the illustrated exemplary embodi 
required for the opening 620a because the opening 620a is ments of the invention . 
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Specific examples of systems , methods and apparatus insulating polymer - based material , and the non - grip portion 
have been described herein for purposes of illustration . is uncovered such that the holdable side surface of the 
These are only examples . The technology provided herein metallic housing is exposed at the non - grip portion . 
can be applied to systems other than the example systems 7. The wireless ultrasound imaging apparatus of claim 1 , 
described above . Many alterations , modifications , additions , 5 wherein the holdable side surface of the metallic housing 
omissions , and permutations are possible within the practice forms the outermost surface of the wireless ultrasound 
of this invention . This invention includes variations on imaging apparatus , and the holdable side surface comprises described embodiments that would be apparent to the skilled a recess for placement of the antenna . addressee , including variations obtained by : replacing fea 8. The wireless ultrasound imaging apparatus of claim 7 , 
tures , elements and / or acts with equivalent features , ele- 10 wherein a shim is positioned in the recess between the ments and / or acts ; mixing and matching of features , ele metallic housing and the antenna to space the antenna away ments and / or acts from different embodiments , combining from the metallic housing . features , elements and / or acts from embodiments as 
described herein with features , elements and / or acts of other 9. The wireless ultrasound imaging apparatus of claim 7 , 
technology , and / or omitting combining features , elements 15 wherein a non - ferromagnetic cover is placed over the 
and / or acts from described embodiments . antenna , and wherein the non - ferromagnetic cover forms a 

It is therefore intended that the following appended claims seal with an adjacent exterior surface of the metallic housing 
and claims hereafter introduced are interpreted to include all to prevent ingress into the interior of the wireless ultrasound 
such alterations , modifications , permutations , additions , imaging apparatus . 
omissions , and sub - combinations as may reasonably be 20 10. The wireless ultrasound imaging apparatus of claim 1 , 
inferred . The scope of the claims should not be limited by wherein the at least one IC comprises an Analog to Digital 
the preferred embodiments set forth in the examples , but Converter ( ADC ) and a graphic processor . 
should be given the broadest interpretation consistent with 11. The wireless ultrasound imaging apparatus of claim 1 , 
the description as a whole . wherein the at least one IC comprises a programmable 
What is claimed is : 25 System on a Chip ( SoC ) . 
1. A wireless ultrasound imaging apparatus , comprising : 12. The wireless ultrasound imaging apparatus of claim 1 , 
a body with an imaging end , a non - imaging end , and a wherein the metallic housing comprises a front shell and a 

side surface between the imaging end and the non rear shell , and at least one of the front shell or the rear shell 
imaging end , the side surface being holdable during is formed to receive a removable battery . 
operation of the ultrasound imaging apparatus ; 13. The wireless ultrasound imaging apparatus of claim 1 , 

a transducer array positioned at the imaging end of the wherein the metallic housing comprises a slot for receiving 
body ; a removable battery . 

at least one integrated circuit ( IC ) operatively connected 14. The wireless ultrasound imaging apparatus of claim 
to the transducer array ; and 13 , wherein the wireless ultrasound imaging apparatus is 

an antenna operatively connected to the at least one IC , 35 sealed when the removable battery is positioned in the slot , 
the antenna for providing wireless communication of and the wireless ultrasound imaging apparatus with the 
ultrasound image data ; removable battery in place is protected from ingress into the 

wherein the body comprises a metallic housing , the metal interior of the wireless ultrasound imaging apparatus . 
lic housing enclosing the transducer array and the at 15. A method of facilitating dissipation of heat in a 
least one IC , and wherein the metallic housing com- 40 wireless ultrasound imaging apparatus , the method compris 
prises an interior surface opposite the holdable side ing : 
surface of the body ; providing a body for the wireless ultrasound imaging 

wherein during imaging , power is consumed by the at apparatus , the body comprising an imaging end , a 
least one IC , to generate ultrasound image data for non - imaging end , and a side surface between the imag 
wireless transmission via the antenna ; and ing end and the non - imaging end , with the side surface 

wherein a post is disposed between the at least one IC and being holdable during operation of the ultrasound 
the interior surface that is opposite the holdable side imaging apparatus , the body comprising a metallic 
surface of the body , the post being coupled directly to housing enclosing a transducer array positioned at the 
the interior surface of the metallic housing so that heat , imaging end of the body and at least one integrated 
generated as a result of the consumption of power by 50 circuit ( IC ) operatively connected to : the transducer 
the at least one IC during imaging , is transferred via the array and an antenna , the antenna for providing wire 
post to the metallic housing and dissipated . less communication of ultrasound image data , wherein 

2. The wireless ultrasound imaging apparatus of claim 1 , the metallic housing comprises an interior surface 
wherein the metallic housing comprises a material having a opposite the holdable side surface of the body ; and 
thermal conductivity of between 55 to 167 watts per meter 55 activating the at least one IC during operation of the 
kelvin ( W / ( m · K ) ) and a density of between 1.77 to 5 grams wireless ultrasound imaging apparatus , wherein power 
per cubic centimeter ( g / cm > ) . is consumed by the activated at least one IC to generate 

3. The wireless ultrasound imaging apparatus of claim 2 , ultrasound image data for wireless transmission via the 
wherein the material comprises an aluminum alloy . antenna , and wherein heat generated as a result of the 

4. The wireless ultrasound imaging apparatus of claim 2 , 60 consumption of power by the at least one IC during 
wherein the material comprises a magnesium alloy . imaging is transferred to the metallic housing and 

5. The wireless ultrasound imaging apparatus of claim 1 , dissipated therefrom via at least one post that is dis 
wherein the power consumed by the at least one IC is posed between the at least one IC and the interior 
between 3 to 4.5 watts of power . surface of the metallic housing that is opposite the 

6. The wireless ultrasound imaging apparatus of claim 1 , 65 holdable side surface of the body , the post being 
wherein the metallic housing comprises a grip portion and a coupled directly to the interior surface of the metallic 
non - grip portion , and the grip portion is covered with an housing 
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16. The method of claim 15 , wherein the metallic housing 
comprises a material having a thermal conductivity of 
between 55 to 167 watts per meter kelvin ( W / ( m · K ) ) and a 
density of between 1.77 to 5 grams per cubic centimeter 
( g / cm ) . 

17. The method of claim 15 , wherein the power consumed 
by the at least one IC is between 3 to 4.5 watts of power . 

18. The method of claim 15 , wherein the metallic housing 
comprises a front shell and a rear shell , and at least one of 
the front shell or the rear shell is formed to receive a 10 
removable battery . 

19. The method of claim 15 , wherein the metallic housing 
comprises a slot for receiving a removable battery . 

20. The method of claim 19 , wherein the wireless ultra 
sound imaging apparatus is sealed when the removable 15 
battery is positioned in the slot , and the wireless ultrasound 
imaging apparatus , with the battery in place , is protected 
from ingress into the interior of the wireless ultrasound 
imaging apparatus . 

21. The method of claim 15 , wherein the holdable side 20 
surface of the metallic housing that forms the outermost 
surface of the wireless ultrasound imaging apparatus , and 
the holdable side surface comprises a recess for placement 
of the antenna . 

22. The method of claim 21 , wherein a non - ferromagnetic 25 
cover is placed over the antenna , and wherein the non 
ferromagnetic cover forms a seal with an adjacent exterior 
surface of the metallic housing to prevent ingress into the 
interior of the wireless ultrasound imaging apparatus . 
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